Introduction
Glaucoma is a progressive ophthalmological disease characterised by optic disc cupping and visual field defects that can result in loss of vision. 1 Some previous studies have concluded that family histories of glaucoma, severe myopia, or high IOP constitute major risk factors. 2 Of these identified risk factors, IOP has received attention for many years as a potential modifiable risk factor. [3] [4] [5] Although the mechanism underlying IOP elevation are not fully understood, a recent study reported associations between systemic health parameters, such as, hypertension, diabetes, and obesity indexes (eg, waist circumference and BMI) and IOP elevation. [6] [7] [8] [9] Hypertension, diabetes, dyslipidemia, and obesity were also found to be associated with cardiometabolic risk factors, which suggests that a common underlying mechanism links IOP elevation and related cardiometabolic risk factors. Furthermore, many previous studies have demonstrated relationships between IOP and cardiometabolic risk factors. 10, 11 Dyslipidemia is a well-known risk factor of coronary artery diseases and IOP elevation, [12] [13] [14] [15] and of the known risk factors of coronary artery disease, Apo B was reported recently to be the most useful indicator of coronary artery disease. 16 However, relatively few studies have investigated the relationship between apolipoprotein level and IOP. Therefore, in this study, we analysed relationships between IOP and lipid profiles, such as, APO A1 and APO B levels, and APO B/APO A1 ratio.
Subjects and methods

Study subjects
Healthy examinees (29 762 ) who attended a health promotion centre at Samsung Changwon Hospital, Sungkyunkwan University, South Korea, between January 2011 and December 2013 were initially considered as study subjects.
Before testing, each participant was interviewed by a trained nurse about previous health problems and medical history, including ocular diseases. A written informed consent was obtained from all participants and participants with a history of intraocular disease or surgery (in at least in one eye), those receiving medical treatment for glaucoma, and those who did not agree to involvement in this study were excluded. Finally, 28 852 healthy examinees were included in the present study.
Before implementation, the study protocol was reviewed and approved by the institutional review board of our institution. All tests were performed after obtaining participant consent.
Anthropometric and blood pressure measurements
Heights and weights were measured using an automatic height-weight measuring instrument (GL-150, G-TECH International, Seoul, South Korea); subjects removed shoes and wore light clothes. BMI was calculated by dividing body weight by height squared (kg/m 2 ). Blood pressure was recorded in a comfortable sitting position and using an automatic blood pressure gauge (Jawon Medical, Seoul South Korea) in the morning (between 0800 and 1000 hours) after a 10-min rest period. To ensure accuracies, subjects were requested not to drink coffee or smoke within 1 h of BP testing. Systolic and diastolic blood pressures were measured twice and results were averaged.
Ophthalmologic examination
All subjects underwent an ophthalmological examination, which included best-corrected visual acuity based on the Snellen chart and IOP measurements by noncontact tonometry (Topcon CT60, Topcon, Tokyo, Japan). IOP was measured on the centre of the cornea three times, and mean values were calculated for each eye. To avoid interexaminer variance, IOP measurements were performed by a trained nurse. All ophthalmologic examinations were performed between 0800 and 1000 hours. The averages of both eyes were used in the analysis.
Lipid profile examination
Blood samples were obtained after fasting for 8 h and centrifuged at 3500 rpm for 10 min to obtain serum, which was analysed for TC, TG, HDL-C, and LDL-C using enzymatic methods (Histachi Modular DPP, Roche, Tokyo, Japan).
Plasma APO A1 and APO B concentrations were measured using immune turbidimetric immunoassay (Histachi Modular P800, Roche, Tokyo, Japan).
Statistical analysis
To analyse the baseline characteristics of study participants, we calculated mean ± SD; differences between men and women were determined using the t-test.
SBP, DBP, TC, TG, LDL-C, HDL-C, APO A1, and APO B data were log-transformed because of the skewed natures of their distributions. Univariate linear regression was used to investigate the association between IOP and lipid profiles, and multivariate linear regression was used to analyse relations between lipid profiles and IOP after adjusting for confounding variables.
The analyses was performed using SPSS version 18.0 for Windows (SPSS Inc., Chicago, IL, USA), and P-values of o0.05 were considered statistically significant.
Results
Characteristics of the study participants Table 1 summarizes the characteristics of the 28 852 healthy examinees (16 784 men and 12 068 women). Mean subject age was 41.66 ± 7.47 years (range 19-74 years). No significant difference was observed between the ages of men and women. However, BMI, TC, TG, LDL-C, SBP, DBP, APO B, APO B/APO A1, and both IOPs were significantly higher in men, and HDL-C and APO A1 levels were significantly higher in women.
Associations between IOP and lipid profiles
Univariate regression analysis of the relationships between IOP and BMI, SBP, DBP, TC, LDL-C, TG, APO B, and APO B/APO A1 showed all were positively and significantly correlated (Po0.001; Table 2 ). HDL-C showed a negative correlation (Po0.001) with IOP, whereas APO A1 showed a nonsignificant negative correlation (P = 0.379). IOP also increased with age, but not significantly so (P = 0.063).
Regarding gender differences, a male gender was negatively correlated with age and HDL-C (Po0.001) but positively correlated with BMI, SBP, DBP, TC, LDL-C, APO B, and APO B/APO A1 ratio (Po0.001). However, the between age and APO A1 was not significant (P = 0.663). A female gender was negatively correlated with HDL-C (Po0.001) but nonsignificantly with APO A1 (P = 0.624). The remaining variables were similar for men and women.
Multivariate-adjusted linear regression analysis
Multivariate regression analysis adjusted for IOP-related factors, that is, age, BMI, SBP, and DBP revealed significant positive correlations between IOP and TC, TG, LDL-C, APO A1, APO B, and APO B/APO A1, and a significant negative correlation with HDL-C (Table 3) .
IOP was a positive correlation with APO A1 at the same level of significance in males (Po0.001) as when including both sexes, whereas a negative nonsignificant correlation was observed in females (P = 0.546). However, for HDL-C, which is related to APO A1, a significantly negative correlation was observed with IOP for both sexes. Of the various lipid indices, APO B had the highest correlation with IOP, regardless of sex. 
Discussion
The results of the univariate regression analysis conducted indicated that IOP is significantly and positively correlated with TC, TG, LDL-C, APO B, and APO B/APO A1 but significantly and negatively correlated with HDL-C. Reports indicate that IOP increases with age among Caucasians. [6] [7] [8] In contrast, in Japanese studies 9, 17, 18 and a Korea study 19 IOP was found to decrease with age. This difference has been attributed to racial and hormonal influences and environmental differences. 19 However, in the other study, IOP tended to increase with age, which we attribute to Westernization of the Asian diet, especially, among younger adults, which exhibit higher rates of hypertension and obesity and higher IOP. 9, 15 On the other hand, older males did show a significant decrease in IOP in this study, whereas females showed a significantly increase in IOP with age.
A recent study reported that South East Asian men showed a significantly negative correlation between age and IOP, whereas women showed an insignificant negative correlation. 20 Such gender-associated differences may be due to hormonal differences or indicate a transition to a Western pattern. Additional studies are needed to determine whether the previous studies on Asian populations that showed a negative correlation between age and IOP reflect a change caused by Westernization or whether they are the result of genetic or racial characteristics.
Many studies have indicated that obese individuals have more orbital fat and greater episcleral pressure, which reduces aqueous humour outflow and increases IOP. 9, 21, 22 Obesity is also a risk factor of hypertension, and high blood pressure has been reported to increase pressure in the intraocular ciliary artery, and thereby, to stimulate the generation of aqueous humour, which increases IOP. It is has been well established that blood pressure is correlated with IOP, 22, 23 and similarly, in the present study, BMI and blood pressure were both positively correlated with IOP.
IOP is known to increase with serum TC level. 15 Klein et al 24 suggested more orbital adipose tissue is produced at higher serum TC levels, and that this increases orbital pressure, which in turn induces an increase in episcleral pressure and a decrease in aqueous humour outflow, thus increasing IOP.
Higher fat consumption increases the risk of obesity, which increases TG levels and decreases HDL-C levels. Furthermore, sclerotic changes in arteries are induced and serum osmolality is increased, which increase episcleral pressure, and thus, increasing IOP. 17 Unlike many reports that indicated IOP to be positively correlated with serum TC and TG levels, no consistent results indicate the correlation of IOP with HDL-C and LDL-C. Although a report indicated a positive correlation between HDL-C and IOP, 23 another report conversely indicated a negative correlation. 15, 25 In this study, univariate regression showed a negative correlation between HDL-C and IOP but a positive correlation between LDL-C and IOP, which are consistent with the findings of a recent study. 26 Even though multivariate regression analysis adjusted for age, BMI, SBP, and DBP showed a negative correlation between HDL-C and IOP, a positive correlation between LDL-C and IOP, previous studies differ markedly regarding the natures of the correlations between IOP and HDL-C or LDL-C, and thus, additional studies are needed to clarify the situation.
APO A1 is the main component of HDL-C, and the two have similar clinical functions, whereas APO B is the main component of LDL-C. 27, 28 In addition, APO B is a major component of intermediate-density lipoprotein and very low-density lipoprotein, and hence, is recognized as a better indicator than LDL-C in cardiometabolic deases. 29 Sabino et al 30 reported that after controlling for variables, such as, age, sex, smoking, hypertension, and dyslipidemia, APO B and APO B / APO A1 ratio were independently associated with brain stroke and peripheral vascular disease.
Apolipoprotein and IOP have only been rarely investigated but were included in the present study to determine their potential uses as indicators of future IOP increases and as alternatives to HDL-C and LDL-C, which based on the discrepant results of reports are unreliable indicators.
The results of the univariate regression analysis in this study indicate that APO A1 was negatively correlated with IOP, just like HDL-C, and APO B was positively correlated with IOP, just like LDL-C and the ratio of APO B/APO A1 showed positive correlation However, a previous univariate regression analysis on relations between apolipoproteins and IOP indicated a negative correlation with HDL-C and no correlation with APO A1. Furthermore, although increases in IOPs were observed when LDL-C and APO B levels were increased, these increases were without significance. 25 The multivariate regression analysis adjusted for age, BMI, SBP, and DBP conducted in the present study showed that APO A1 was positively correlated with IOP, whereas a negative correlation was observed by univariate regression. On the other hand, APO B showed a positive correlation with IOP by univariate and multivariate regression analyses, and this correlation was stronger than those of any other lipid variable investigated. APO B/APO A1 ratio, which was investigated for the first time in this study, showed a significant positive correlation with IOP.
Recently, a genome study related to examine IOP has been proceeded. 31 Further studies may be necessary to determine whether genomic variates are correlated with other health-related indicators, such as, lipid profiles.
This study has several limitations that warrant consideration. First, it had a cross sectional design, which prevented casual relationships being determined. Second, we did not measure central corneal thickness. The association with IOP would have been more accurate if corrected IOP by central corneal thickness included in the analysis. Third, noncontact tonometry exhibits more IOP variation than Goldman applanation tonometry, even though it has been reported that non-contact tonometry is reliable within the normal IOP range. Finally, cardiovascular disease shows significant association with glaucoma or ocular hypertension have been suggested, so this is not regards as a mediator of the process affect intraocular pressure of the APO A1 and APO B, but as confounding factor. In terms of correcting the confounding factors, statistically, is adjusted for indicators associated with cardiovascular disease using multiple logistic regression. However, when stratified according to cardiovascular diseases epidemiological study design has not been performed, the effect of potential confounding factors it means that the remaining.
Nevertheless, this study is the first to examine relationships between IOP and serum apolipoprotein levels, as well as being noteworthy for analysing the relationships, adjusting for age and other risk factors, with other various lipoproteins.
In this study, APO B was found to be most strongly correlated with IOP, regardless of gender. Additional studies are required to confirm the validity of apolipoprotein level as an index for predicting IOP elevation.
Summary
What was known before K Elevated intraocular pressure has been linked to hyperlipidemia.
What this study adds K Apolipoprotein B showed the highest correlation with elevated intraocular pressure among all the lipid profiles.
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